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Weed Management with Diclosulam in Strip-Tillage Peanut (Arachis hypogaea)*

ANDREW J. PRICE and JOHN W. WILCUT?

Abstract: Experiments were conducted at three locations in North Carolina in 1999 and 2000 to
evaluate weed management systems in strip-tillage peanut. Diclosulam was evaluated with standard
preemergence (PRE), early postemergence, and postemergence (POST) herbicide systems in a fac-
torial treatment arrangement. Preemergence treatments that contained diclosulam controlled common
lambsquarters, common ragweed, and eclipta by 100%. Diclosulam PRE controlled entireleaf mor-
ningglory by 88%, ivyleaf morningglory by = 90%, pitted morningglory by = 81%, and prickly
sida by = 94%. Yellow nutsedge control with diclosulam ranged from 65 to 100% depending on
location, whereas POST systems containing imazapic controlled yellow nutsedge by at least 89%,
regardiess of PRE herbicides. Peanut yields and net returns were reflective of levels of weed man-
agement. Systems that included diclosulam PRE plus POST herbicides consistently provided high
yields and net returns. Clethodim late POST was required for full-season control of annual grasses,
including broadleaf signalgrass, goosegrass, large crabgrass, and Texas panicum.

Nomenclature: Clethodim; diclosulam; imazapic; broadleaf signalgrass, Brachiaria platyphylla (Gri-
seb.) Nash # BRAPP; common lambsquarters, Chenopodium album L. # CHEAL; common ragweed,
Ambrosia artemisiifolia L. # AMBEL; eclipta, Eclipta prostrata L. # ECLAL; entireleaf morning-
glory, Ipomoea hederacea var. integriuscula Gray # |POHG; goosegrass, Eleusineindica (L.) Gaertn.
# ELEIN; ivyleaf morningglory, Ipomoea hederacea (L.) Jacq. # IPOHE; large crabgrass, Digitaria
sanguinalis (L.) Scop. # DIGSA; pitted morningglory, Ipomoea lacunosa L. # IPOLA; prickly sida,
Sda spinosa L. # SIDSP; Texas panicum, Panicum texanum Buckl. # PANTE; yellow nutsedge,

Cyperus esculentus L. # CYPES; peanut, Arachis hypogaea L. ‘NC 10C’' and ‘NC 12C'.

Additional index words: Economic analysis.

Abbreviations. EPOST, early postemergence; fb, followed by; POST, postemergence; PPI, preplant

incorporated; PRE, preemergence.

INTRODUCTION

Peanut has typically been grown in ridged conven-
tional-tillage seedbeds (Sholar et al. 1995; Wilcut et al.
1987, 1990, 1994, 1995) that receive soil-applied pre-
plant incorporated (PPI) and preemergence (PRE) her-
bicide treatments (or both) followed by (fb) multiple ap-
plications of early postemergence (EPOST) and post-
emergence (POST) herbicide combinations (Wilcut et al.
1994). Concerns for declining soil organic matter, soil
structure degeneration, increased subsoil compaction,
and crop damage caused by water stress and sandblasting
have caused growers to devise ways to reduce tillage
operations (Troeh et al. 1991). Strip-tillage is a type of
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conservation tillage where the area within the crop row
is tilled, whereas the inter-row areas are not disturbed.
This practice reduces soil erosion and evaporative water
loss by leaving = 30% crop residues on the soil surface,
decreasing soil compaction, and increasing water infil-
tration (Troeh et al. 1991).

In peanut, herbicide systems are usually more inten-
sive in strip-tillage when compared with conventional
tillage because PRE or PPl within-the-row treatments
were expected to provide reduced efficacy compared
with conventional PPl treatments (Wilcut et a. 1987).
Adequate weed control in minimum tillage requires
PRE, EPOST, and POST herbicides (Wilcut et al. 1990).
Depending on the herbicide system, conventional-tillage
peanut produced yields 800 to 1,900 kg/ha higher than
minimum-tillage peanut and also provided greater net
returns (Wilcut et a. 1990). This may be partly because
of more effective digging of peanut in conventiona sys-
tems, that are ridged, compared with nonridged mini-
mum-tillage peanut (Grichar and Boswell 1987). Since
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the late 1980s, registrations for dinoseb and naptalam in
peanut have either been canceled or withdrawn. Addi-
tionally, concerns about alachlor-treated peanut have
eliminated this herbicide from use in U.S. peanut pro-
duction (Bridges et a. 1994; Wilcut et a. 1994, 1995).
Herbicide registrations in peanut since 1990 include
clethodim, diclosulam, dimethenamid, flumioxazin, im-
azapic, and pyridate. Thus, the herbicide options avail-
able for weed management in strip-tillage peanut pro-
duction have changed appreciably since the late 1980s.

Soil-applied herbicides registered in peanut include di-
methenamid, ethalfluralin, imazethapyr, s-metolachlor,
norflurazon, and pendimethalin. Pendimethalin and eth-
afluralin applied PPl and s-metolachlor applied PPl or
PRE control annual grasses and small-seeded broadleaf
weeds (Wilcut et al. 1994). However, they do not control
broadleaf weeds that are commonly found in North Car-
olina and Virginia peanut fields, including common rag-
weed, eclipta, Ipomoea species, and prickly sida (Askew
et al. 1999; Bridges et al. 1994; Wilcut and Swann 1990;
Wilcut et al. 1990, 1994). These weeds often require
multiple applications of POST herbicides for season-
long control (Bailey et al. 1999a, 1999b; Wilcut and
Swann 1990). Imazethapyr soil-applied does not control
common ragweed or eclipta (Wilcut et al. 1991; York et
al. 1995). Norflurazon is not used in North Carolina and
Virginia peanut production because of crop tolerance
concerns and potential for carryover to small grains, corn
(Zea mays L.), and tobacco (Nicotiana tobaccum L.)
(Anonymous 2000a; Jordan et al. 1998). A broad-spec-
trum soil-applied herbicide providing residual control
may reduce inputs by reducing the types and number of
herbicides applied and the number of trips through the
field (Bailey et a. 1999a, 1999b).

Diclosulam is a triazolopyrimidine sulfonanilide soil-
applied herbicide recently registered for PPl and PRE
treatment in peanut (Anonymous 2000b). Ethafluralin
PPI plus diclosulam PPl or PRE controls a broad spec-
trum of annual broadleaf weeds and usually exhibits ex-
cellent crop tolerance in conventional-tillage peanut
(Bailey et al. 1999a, 1999b, 2000; Baughman et al. 2000;
Dotray et al. 2000; Main et al. 2000; Prostko et al. 1998).
The recent increase in reduced-tillage peanut production
in the mid-Atlantic and Southeastern coastal plain and
the paucity of data concerning diclosulam performance
in reduced-tillage systems necessitates additional re-
search. Therefore, studies were conducted to evaluate
weed control, crop response, peanut yield, and economic
returns from herbicide systems containing diclosulam in
reduced-tillage peanut production.
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MATERIALS AND METHODS

Field experiments were conducted at the Peanut Belt
Research Station located near Lewiston, NC in 1999 and
in two nearby but separate fields in 2000 to evaluate
weed management systems in strip-tillage peanut. Soils
were a Norfolk loamy sand (fine-loamy, siliceous, Ther-
mic Typic Paleudults) with organic matter content rang-
ing between 1 and 1.1% and pH of 5.5 to 6.0. Peanut
cultivarsincluded NC 10C in 1999 and NC 12C in 2000.
Peanut was planted 5-cm deep at 120 to 130 kg/ha in
91-cm rows into corn stubble in 1999 and into cotton
(Gossypium hirsutum L.) and soybean [Glycine max (L.)
Merr.] stubble in 2000 (Jordan 2000). Pest management
programs other than herbicide programs were based on
North Carolina Cooperative Extension Service recom-
mendations (Bailey 2000; Brandenburg 2000).

Common lambsguarters, common ragweed, eclipta,
entireleaf morningglory, ivyleaf morningglory, pitted
morningglory, prickly sida, and yellow nutsedge were
each evaluated at two or three sites. At the time of
EPOST and POST applications, broadleaf weeds werein
the one- to seven-leaf stage, yellow nutsedge was 15- to
25-cm tall, and weed densities ranged from 3 to 10
plants/m? depending on species. Early postemergence
treatments were applied 7 to 10 d after peanut emer-
gence, and POST treatments were applied approximately
2 wk after EPOST treatments. Paraquat at 0.7 kg ai/ha
was applied to all plots 3 wk before planting to control
existing vegetation. The PRE herbicide options included:
(1) paraquat at 0.7 kg/ha plus dimethenamid at 1.4 kg
ai/ha, (2) paraquat at 0.7 kg/ha plus diclosulam at 0.027
kg ai/ha, or (3) paraquat at 0.7 kg/ha plus dimethenamid
at 1.4 kg/ha plus diclosulam at 0.027 kg/ha. Postemer-
gence herbicides included: (1) untreated, (2) paraquat at
0.14 kg ai/ha plus bentazon at 0.28 kg ai/ha EPOST fb
acifluorfen at 0.28 kg ai/ha plus bentazon at 0.56 kg ai/
ha, or (3) paraguat at 0.14 kg/ha plus bentazon at 0.28
kg/ha EPOST fb imazapic at 0.07 kg ai/ha POST. A non-
ionic surfactant* at 0.25% (v/v) was included in all
EPOST and POST herbicide treatments. The paragquat
burndown treatment served as the comparison for visual
evaluations of weed control and crop injury. Clethodim
late POST at 0.14 kg ai/ha plus crop oil concentrate® at
1% (v/v) was applied to al plots except the untreated

4 Induce” nonionic low foam wetter—spreader adjuvant containing 90% non-
ionic surfactant (alkylarylopolyoxyalkane ether and isopropanol), free fatty
acids, and 10% water. Helena Chemical Company, Suite 500, 6075 Poplar
Avenue, Memphis, TN 38137.

5 Agri-dex®, 83% paraffin base petroleum oil and 17% surfactant blend.
Helena Chemical Company, Suite 500, 6075 Poplar Avenue, Memphis, TN
38137.
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checks to provide season-long control of annual grasses,
including broadleaf signalgrass, goosegrass, large crab-
grass, and Texas panicum. This treatment was needed to
facilitate harvest as the fibrous root systems of annual
grasses interfere with digging and harvesting operations
(Wilcut et al. 1994). The experimental design was aran-
domized complete block with three replications. There
were four 91-cm-wide and 6.1-m-long plots.

Visual estimates of weed control were recorded early
(mid-June) and late in the season (late-August) just prior
to harvest. Weed control and peanut injury, based on |eaf
discoloration and biomass reduction as compared with
the nontreated control, was visually estimated on a scale
of 0 (no injury symptoms) to 100 (complete death of all
plants or no plants present) (Frans et al. 1986). As weed
control at the end of the season influenced peanut yield
and harvest efficiency, only late-season evaluations of
weed control will be presented (Wilcut et al. 1994). Pea
nut injury in the form of discoloration, stunting, and
stand reduction was evaluated 2 and 5 wk after planting.
The center two rows of each plot were harvested in mid-
October of each year using conventional harvesting
equipment.

Net returns to land and management were determined
by substituting the cost of each herbicide system for
weed control and average yield into a North Carolina
farm budget (Brown 2000). All costs with the exception
of those used for weed control were based on this budget
generator. The production costs included cultural and
pest management procedures, equipment and labor, in-
terest on operating equipment, harvest operations, in-
cluding drying and hauling, and general overhead costs.
Quotes of herbicide and adjuvant costs were obtained
from two North Carolina agricultural suppliers and av-
eraged. Cost of herbicide application was $4.28/ha,
based on estimates developed by the Department of Ag-
riculture and Resource Economics at North Carolina
State University. Herbicide system costs represent the
sum of all applications, herbicide, and adjuvant costs.
Net returns were calculated by multiplying yield per
hectare by the price support ($0.67/kg) and subtracting
total production costs for each system.

Data from the control were deleted prior to analysis
to stabilize variance as visualy estimated weed control
ratings were set to zero, and peanut yield could not be
harvested because of weed biomass interference with
machinery. To recognize structure in the treatment ar-
rangement, analysis of variance was conducted using the
general linear models procedure in SAS (SAS 1998) to
evaluate the effect of various PRE herbicide treatment
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options (three levels) and POST herbicide treatment op-
tions (three levels) on crop injury, weed control, and
crop yield. Sums of squares were partitioned to evaluate
location and year effects which were considered a single
random variable. Main effects and interactions were test-
ed by the appropriate mean square associated with the
random variable (Mclntosh 1983). Mean separations
were performed using Fisher’s protected least significant
difference test at P = 0.05.

RESULTS AND DISCUSSION

Peanut injury was 2% or less at the first evaluation
with no differences between soil-applied treatments (data
not shown) and was also typical for POST herbicide crop
injury (< 5% at 5 wk after treatment) (data not shown).

Weed Control. Yellow nutsedge. Location interactions
were significant; therefore, each location is discussed
separately. Dimethenamid PRE aone controlled yellow
nutsedge by 32 to 64% depending on location (Table 1).
The addition of bentazon plus paraguat EPOST fb aci-
fluorfen plus bentazon POST to dimethenamid PRE pro-
vided 55 to 97% control depending on location. Diclo-
sulam PRE alone or dimethenamid plus diclosulam PRE
controlled yellow nutsedge by 65 to 100% depending on
location. Similar levels of yellow nutsedge control with
s-metolachlor plus diclosulam PRE was shown in con-
ventional-tillage peanut in Texas (Baughman et al.
2000). The addition of bentazon plus paraquat EPOST
fb acifluorfen plus bentazon POST to diclosulam PRE
or diclosulam plus dimethenamid PRE did not always
increase control. Imazapic POST systems controlled yel-
low nutsedge by = 89%. These data are in agreement
with earlier research and illustrate that imazapic is the
POST standard for control of perennial sedgesin peanut
(Richburg et al. 1993, 1994).

Common ragweed. As no herbicides by location inter-
actions were evident for common ragweed, the data were
combined over location. Dimethenamid PRE controlled
common ragweed by 82%, whereas diclosulam PRE or
dimethenamid plus diclosulam PRE controlled common
ragweed by = 99% (Table 1). Acifluorfen, bentazon, and
paraguat control small common ragweed but do not pro-
vide residua control (Wilcut 1991; Wilcut and Swann
1990). Common ragweed control with dimethenamid
plus EPOST and POST herbicides was = 97%. Common
ragweed infests 75% of North Carolinaand Virginia pea
nut hectarage (Bridges et al. 1994).

Eclipta. As with common ragweed, no treatment by lo-
cation interactions for eclipta control was present; there-
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fore, data were combined over location. All treatments
that included diclosulam controlled eclipta by 100% (Ta-
ble 1). Prostko et al. (1998) reported a minimum of 95%
eclipta control with diclosulam PRE in conventional-till-
age peanut. Dimethenamid PRE aone controlled eclipta
by 31%. The addition of bentazon plus paraquat EPOST
fb acifluorfen plus bentazon POST to dimethenamid in-
creased control by 47 percentage points over dimethen-
amid aone. Any POST systems containing imazapic
controlled eclipta by > 97%. There are no other regis-
tered soil-applied herbicides in peanut that control eclip-
ta (Wilcut et al. 1991, 1994, 1995).

Prickly sida. As with common ragweed and eclipta, no
treatment by location interactions was present for prickly
sida control; therefore, the data were combined over |o-
cation. Dimethenamid PRE did not control prickly sida
(Table 1). Dimethenamid PRE fb paraquat plus bentazon
EPOST fb acifluorfen plus bentazon POST controlled
prickly sida by 87%, whereas imazapic POST systems
controlled prickly sida by 100%. Diclosulam PRE and
dimethenamid plus diclosulam PRE controlled prickly
sida by 94 and 97%, respectively. The addition of
EPOST plus POST herbicides to dimethenamid plus di-
closulam increased control to 100%. Similar results with
diclosulam PPl or PRE fb POST herbicides have been
reported in conventional-tillage peanut (Bailey et al.
1999a, 1999D).

Entireleaf and pitted morningglories. As there were no
herbicide by location interactions for entireleaf and pit-
ted morningglories, data were combined over location.
Dimethenamid PRE did not control entireleaf morning-
glory or pitted morningglory (Table 2). The acifluorfen
plus bentazon POST system controlled entireleaf and pit-
ted morningglories by = 85%, whereas the imazapic
POST system controlled 100% of these populations.
Similar control levels were reported with imazapic in
Georgia (Richburg et a. 1995, 1996). Diclosulam PRE
with or without dimethenamid controlled entireleaf and
pitted morningglories by at least 81% which is similar
to control levels reported in Texas (Dotray et a. 2000).
The additional inputs of EPOST and POST herbicides to
dimethenamid plus diclosulam systems controlled =
93% of the entireleaf and pitted morningglory popula-
tions. Scott et a. (2001) saw similar results with diclo-
sulam PRE in conventional-tillage peanut.

Ivyleaf morningglory. Location interactions were signif-
icant; therefore, each location is discussed separately. As
seen with entireleaf and pitted morningglories, dimeth-
enamid PRE did not control ivyleaf morningglory at ei-
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ther location (Table 2). At Lewiston A, dimethenamid
PRE fb bentazon plus paraquat EPOST fb acifluorfen
plus bentazon POST controlled ivyleaf morningglory by
87%, whereas imazapic POST systems controlled 100%.
Diclosulam PRE with or without dimethenamid PRE
controlled ivyleaf morningglory by = 94%. At Lewiston
B, dimethenamid PRE fb bentazon plus paraquat EPOST
fb acifluorfen plus bentazon POST controlled ivyleaf
morningglory by 94%, whereas imazapic POST systems
provided 100% control. Diclosulam PRE with or without
dimethenamid PRE controlled entireleaf morningglory
by = 90%. As the level of ivyleaf morningglory control
with diclosulam was high, control was not increased
when diclosulam was fb EPOST plus POST herbicide
treatments. Annual Ipomoea species infest at least 80%
of the peanut hectares in North Carolina and Virginia
(Bridges et al. 1994).

Peanut Yield. Location interactions were significant;
therefore, each location is discussed separately. Peanut
treated with dimethenamid alone yielded 1,390 to 2,450
kg/ha, depending on location. These yields were always
increased by additional inputs of diclosulam PRE or by
EPOST and POST herbicides (Table 3). The increased
yields reflect the increased levels of weed control pro-
vided by the additional herbicide inputs (Tables 1 and
2). Peanut yields with the same PRE herbicide treatment
were higher with imazapic POST treatment in two in-
stances and equivalent in seven other instances when
compared with acifluorfen plus bentazon POST treat-
ment.

Economic Return. Net returns from each herbicide sys-
tem followed the same general trend as peanut yield (Ta-
ble 3). Dimethenamid-only systems netted $308 to $329/
ha. Returns were increased by additional inputs of diclo-
sulam PRE or by EPOST and POST herbicides (Table
3). Diclosulam-only systems resulted in net returns of
$705 to $1,657/ha. Additional inputs of EPOST plus
POST herbicides to diclosulam PRE aone increased net
returns in four instances but provided equivalent net re-
turns in two other instances when compared with net
returns from diclosulam PRE aone. The highest and
most consistent net returns each year were from peanut
treated with diclosulam PRE (without or without di-
methenamid) fb EPOST plus POST herbicides.

Early postemergence and POST herbicides used in this
study usually increased weed control when used with
dimethenamid PRE but were not always needed with di-
closulam PRE. Our data indicate that diclosulam PRE in
strip-tillage production controls common ragweed and
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eclipta by 100% without additional herbicide inputs.
However, control of yellow nutsedge, entireleaf mor-
ningglory, prickly sida, and pitted morningglory fre-
guently required additional EPOST plus POST herbicide
treastments. Annual grass control required a POST grass
herbicide such as clethodim for season-long control.
These data show that weeds can be controlled in strip-
tillage peanut production, and that diclosulan PRE
would be of benefit.
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